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INTRODUCTION 
Many researchers have reported phenotypic and genotypic parameter es­
timates in swine populations; however, they vary considerably because of 
differences in environments and genetic make-up of the populations, differ­
ent methods of collecting and analyzing data, and random errors. Many of 
the parameter estimates, especially genetic estimates, have large standard 
errors because they were calculated from limited data. Conditions vary 
among years, areas, breeds, and herds so it is difficult to determine the 
most correct parameters that fit the swine industry. Since the type of 
hogs has changed in recent years to the "meat-type" hogs and more pigs are 
raised in confinement, many of these parameters could have changed. The 
animals used in this study came from representative Duroc and Hampshire 
seedstock producers in the Midwest from 1958 to 1967 and were tested under 
confinement conditions. 
These data for weights, gains, feed efficiencies, and backfat probes 
were collected at constant ages of 42, 98, and 154 days of age rather than 
at a more or less constant weight. If data collected at a constant age 
were as meaningful as data collected at a constant weight, the measurement 
of performance traits could be simplified. 
There were over 1000 litters in each of the Duroc and Hampshire breeds 
and this is one of the few large feed efficiency studies where the pigs 
from which the data were collected were not highly selected among and with­
in litters. The data were collected on litter means since each litter was 
raised in a separate pen. Individual pig feed efficiencies would be more 
informative but it would require more labor and facilities, and would put 
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the pig in an unusual environment since he would not have competition for 
feed and space. Because certain aspects of this experiment were unique 
from other research experiments and purebred and commercial farm conditions 
and since the data were collected on litter means, caution should be used 
when applying these results to other situations. 
Estimates of heritabilities that apply to each population are neces­
sary to know which traits can be improved with selection. Genetic correla­
tions indicate what will happen to other traits as selection and improve­
ment occur in the selected trait. These parameters are only useful if they 
apply to the current swine population. Therefore this study was completed 
to estimate phenotypic and genotypic parameters of gain, feed efficiency, 
and probe traits in data collected on pigs that came from many Midwest 
seedstock sources in the Duroc and Hampshire breeds. 
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REVIEW OF LITERATURE 
Since numerous parameter estimates are available in the literature on 
weights, gains, feed efficiencies, and backfat probes in swine this litera­
ture review will attempt to summarize these estimates. Some of the specif­
ic researchers and their results will be stated in the Discussion section. 
The general parameter estimates were obtained from literature articles, 
summaries of other authors, and current publications. 
Average daily gain was usually measured from weaning to market weight 
or from weaning to a constant age and was usually reported to be between 
1.35 and 1.75 pounds per day with standard deviations generally between 
0.12 and 0.18 pounds. Daily gain was affected by the genetic ability of 
the animal to gain, the ration, and the animal's sex. Boars would general­
ly gain three to five percent more than litter mate barrows. Barrows have 
been reported to gain between two and five percent more than contemporary 
gilts when fed in groups. However, Jonsson (1959) observed that gilts in 
German testing stations gained 1.6 percent more than barrows when fed in 
individual pens. He also found that the standard deviation of daily gain 
was considerably reduced when the pigs were fed individually as compared 
with that observed with group feeding. 
In general the average weaning weight of pigs at 56 days of age was 30 
to 40 pounds and depended greatly on the type of management and the mother­
ing ability of the sows. Most 154-day weights were reported between 160 
and 200 pounds which varied considerably between herds and breeds. Durocs 
tended to weigh about 15 pounds more at this age than Hampshires, and bar­
rows usually weighed about ten pounds more than contemporary litter mate 
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gilts. Weight at 154 days seemed to improve in more recent years with se­
lection for faster gains. The average standard deviation of 154-day weight 
within a herd was approximately 18 to 20 pounds. 
Feed efficiency was generally reported between 300 and 400 pounds and 
has improved over the years with selection for faster-gaining, more effi­
cient pigs and properly balanced rations. The standard deviation of feed 
efficiency within herds and breeds was about 20 pounds. 
The average backfat, measured with the probe or on the carcass, varied 
considerably with the type and breed of pigs and the weight at which the 
fat measurements were taken, since pigs tend to deposit fat rapidly as they 
get heavier. The probe at 154 days of age, or about 170 pounds, was about 
0.20 to 0.30 inch less than probe at market weight. Barrows generally 
probed 0.10 inch more at 154 days and about 0.15 to 0.20 inch more at mar­
ket weight than contemporary gilts, and boars usually probed about 0.20 
inch less than gilts at market weight. Since this trait was medium to 
highly heritable and selection has been applied against fat in recent 
years, the average backfat has decreased steadily over the years. The av­
erage probe of most market hogs now would be from 1.20 to 1.40 inches with 
standard deviations from 0.10 to 0.18 within herds and breeds. Many pure­
bred boars in testing stations have probed as low as 0.60 to 0.80 inch. 
The phenotypic correlations reported between gain and feed efficiency 
were generally reported in the range from -0.40 to -0.80 when measured over 
a constant weight period. This correlation is partly automatic because 
gain is the denominator of feed efficiency, and because faster gaining pigs 
came off test in fewer days. This correlation is reduced when figured over 
a constant age period because the faster gaining pigs which were usually 
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more efficient also weighed more and hence required more feed for mainte­
nance. Other methods of calculating feed efficiency have been studied 
(Koch et al., 1963), but Sutherland (1965) reported that feed efficiency 
measured as feed consumed divided by total gain was a valid estimate of ef­
ficiency . 
The relationship between gain and backfat was not well established and 
generally was not large. There may have been a slight positive correlation 
between gain and fatness in the fatter type of pigs and a slight negative 
correlation in the more recently developed meatier type of pigs; however, 
this correlation varied between experiments. Backfat probe and feed effi­
ciency were also not consistently correlated. In some reports they were 
positive, and in others they were negative; and the average correlation was 
probably between 0.10 and 0.20. 
Many heritability estimates were reported on weights at a given age, 
gains, feed efficiencies, and backfat thickness. These were generally es­
timated from the sire components or the regression of offspring on parents, 
and in a few cases both sire and dam components. The estimates from the 
sire and dam components for full sibs and the regression of offspring on 
dams often contained maternal effects which may have biased the estimates. 
The heritabilities of weights at a given age were generally lowest at 
weaning (about 0.10) and increased with age to 180 days. However, Hazel et 
al. (1943) and Blunn et (1953) reported heritability estimates higher 
for 112-day weight than for 168- or 154-day weight. 
The heritability estimates of post-weaning daily gain were usually 
slightly higher than estimates for weight at constant age because there 
was less maternal variation in the measurements. The heritability esti-
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mates of daily gain were usually in the range of 0.20 and 0.45. Feed effi­
ciency heritabilities were often obtained from pen averages rather than in­
dividual observations. Feed efficiency appeared to be moderately heritable 
and in the same range as daily gain. 
Backfat, measured with probe or on the carcass, was more heritable 
than gain or feed efficiency in most swine populations. The average of 
heritability estimates of backfat was between 0.40 to 0.55, implying that 
relatively rapid changes in backfat can be made by selection within certain 
physiological limits. 
Flock (1970) reported a range of 0.05 to 0.53 with a median of 0.28 on 
23 heritability estimates of daily gain that other scientists had reported, 
and a range from 0.12 to 0.59 with a median of 0.31 on 14 heritability es­
timates of feed efficiency. On 24 estimates of backfat heritability he re­
ported a range of 0.22 to 0.74 with a median of 0.49. 
The genetic correlations usually had large standard errors and varied 
considerably. However, the genetic correlations between gain and efficien­
cy were usually quite large and negative in the range of -0.45 to -0.90. 
The genetic correlations between backfat and gain and between backfat and 
efficiency varied greatly from different sources, and did not seem to have 
a consistently large genetic relationship. This implies that selection 
pressure would have to be applied on both performance and meatiness traits 
to improve them, but they could both be improved simultaneously because 
they are controlled by different sets of genes. 
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SOURCE OF DATA 
The data were collected on pigs produced for a study of the genetic 
effects of irradiation on swine under the contract AT (11-1)-707 between 
the United States Atomic Energy Commission and Iowa State University. Re­
cords were collected on 34,276 pigs in 3,445 purebred Duroc and Hampshire 
litters at the Bilsland Memorial Farm near Madrid, Iowa, in the spring and 
fall seasons from 1960 to 1967. After eliminating litters for various rea­
sons 1028 Duroc litters and 1098 Hampshire litters were used in the final 
analysis. Approximately fifteen litter mate pairs of boars were purchased 
and used each season in each breed. They were purchased at approximately 
six months of age from purebred Duroc and Hampshire producers in the Mid­
west. After the first year replacement females were taken from within the 
herd at random, and no selection pressure was applied on the females for 
any trait. They may have been used for many seasons if they produced a 
litter the first two times they were exposed to a boar; and at least one-
half of the litters were from first- or second-litter females-
The pigs were weaned at 42 days of age by removing the sow so that 
each litter remained in the pen in which it was farrowed until 154 days of 
age. The litters were housed in eight by 16 foot concrete pens that were 
well protected from the weather. The pigs had access to feed and water 
from birth throughout the test. After weaning each litter was given an ad­
ditional 100 pounds of 16 percent protein ration and then fed a 14 percent 
protein ration for the remainder of the test. Weights were recorded at 
birth, 21, 42, 98, and 154 days of age. The amount of feed consumed by 
each litter was recorded from birth to 42, 42 to 98, and 98 to 154 days of 
8 
age, and the average backfat probe was taken at 154 days of age. More de­
tails of the experiment and origin of the herd are given by Cox (1967), 
Park (1965), and Willham and Cox (1962). 
Important aspects of this experiment are that weights, feed measure­
ments, and backfat probes were taken at a constant age rather than at con­
stant weights; litters were generally taken off test at a weight less than 
market weight; litter means were used as an observational unit with one 
complete litter remaining in a pen during the test; there was no selection 
applied on the females; and boars were used only one mating season; and 
many litter-mate gilts were bred to unrelated litter-mate boars. These 
data have advantages in that there are complete records on weights, feed 
consumed, backfat probe and death loss on many litters in each of the two 
most numerous breeds in the United States. Since records were kept on all 
of the pigs in each litter there was no bias introduced due to selection of 
pigs within a litter or selection of litter to be tested. Also about 15 
new boars in each breed were used in each season so there was very little 
or no inbreeding in the herd, and the management and nutrition were kept as 
uniform as possible over the eight years. 
ANALYSIS AND RESULTS 
The data were analyzed within each breed because there were many lit­
ters within each breed, and from initial analysis it appeared there were 
breed differences. Litters which lost one or more pigs between 42 and 154 
days of age were excluded from the data because the feed consumption of the 
other pigs could not be measured accurately. About 24 percent of the lit­
ters or 793 litters were excluded for this reason. Also, litter records 
which deviated more than three standard deviations from their breed mean in 
any of the seven traits analyzed were excluded. This included 311 or 9.4 
percent of the litters. Eighty-four litters (3.8 percent) with only one or 
two pigs were taken out of the analysis because they did not seem to per­
form similar to the rest of the population and had larger litter mean vari­
ances. Since the one or two pigs in these litters occupied a separate pen, 
they were in an isolated environment and had little or no competition or 
companionship. This left 1028 Duroc litters and 1098 Hampshire litters in 
the analysis. 
Feed efficiency was computed by the conventional method of dividing 
the total feed consumed by the total gain of that litter over that test 
period times 100 which gives the feed required for 100 pounds of gain. 
Litter averages for gain and feed efficiency were calculated from 42 to 98 
days of age, 98 to 154 days of age, and over both periods from 42 to 154 
days of age; hereafter referred to as the first, second, and total periods. 
The first and second periods were each 56 days in length. Backfat probe 
was taken at the end of the test at 154 days of age. 
The litters were fairly well distributed over years and seasons with 
fewer litters in the first and last year of the experiment, as shown in 
Table 1. The distribution of parities, or the number of litters each sow 
had produced, shows that more than one-half of the litters were born from 
females having their first or second litters; and a few sows had as many as 
twelve litters. The distributions were approximately the same for each 
breed. There was partial confounding between year-seasons and parities as 
illustrated by the average parity within each year-season. Year-season re­
fers to one farrowing season within one year. The average parity of the 
sows tended to increase with years. 
The distribution of litter sizes and parities is given in Table 2. 
The average litter size, with litters of one or two pigs excluded, was 7.46 
and 7.26 with standard deviations of 2.33 and 2.16 for the Duroc and Hamp­
shire breeds, respectively. The average parities of the two breeds were 
2.63 and 2.93. The correlations between litter size and parity were -0.13 
and -0.01 for the Durocs and Hampshires, respectively. This implies there 
was a slight tendency for the older Duroc sows to have smaller litters; 
however, this was definitely not a linear effect, as shown by the average 
litter size for each parity in Table 2. The first-litter gilts and older 
sows of both breeds tended to have smaller litters. Sows having their 
third litter had the largest litters, and there was a gradual decline in 
litter size after sows had their fourth litter. 
The means, standard deviations, and coefficients of variation for the 
litter means of weights, gains, feed efficiencies, and probes are shown in 
Table 3. The Durocs gained more rapidly than the Hampshires and did so 
more economically. The Hampshires probed 0.2 inch less backfat than the 
Durocs. These means and standard deviations were figured on the data after 
Table 1. Distribution of litters by year-season and parity 
Duroc 
Year Season 
Parity 
10 11 12 Total Percent 
Average 
parity 
60 S 
F 
20 
49 14 
20 
63 
1.9 
6.0 
1.00 
1.22 
61 S 
F 
38 
38 
39 
17 
77 
55 
7.3 
5.2 
1.51 
1.31 
62 S 
F 
14 
32 
42 
9 
27 
13 9 
84 
63 
8.0 
6.0 
2.14 
1.98 
63 S 11 24 9 12 11 67 6.3 2.82 
F 22 7 12 12 7 9 69 6.5 3.03 
64 S 41 21 10 12 5 7 4 100 9.5 2.56 
F 11 25 13 10 7 5 3 4 78 7.4 3.32 
65 S 36 7 6 9 5 5 5 3 5 81 7.7 3.25 
F 5 32 3 4 4 2 4 5 3 2 64 • 6.1 3.77 
66 S 31 6 29 5 4 3 5 4 3 3 2 95 9.0 3.52 
F 13 19 0 15 5 2 2 2 2 0 0 1 61 5.8 3.41 
67 S 25 6 10 0 7 1 0 2 2 1 0 1 55 5.2 2.98 
F 1 11 1 1 0 6 2 1 0 1 0 0 24 2.3 4.08 
Parity totals 388 279 133 89 55 40 25 21 15 1056 100.0 
Percent 36.7 26.4 12.6 8.4 5.2 3.8 2.4 2.0 1.4 0.7 0.2 0 . 2  
Table 1 (Continued) 
Hampshires 
Parity Average 
Year Season 1 2 3456 7 89 10 11 12 Total Percent parity 
60 S 25 25 2.2 1.00 
F 56 8 64 5.5 1.12 
61 S 30 33 63 5.5 1.52 
F 44 14 58 5.0 1.24 
62 S 27 51 23 101 8.8 1.96 
F 25 19 20 15 79 6.8 2.32 
63 S 18 26 20 14 11 89 7.7 2.71 
F 23 20 22 19 16 10 110 9.5 3.14 
64 S 23 23 12 21 13 8 10 110 9.5 3.38 
F 23 15 16 12 11 10 3 7 97 8.4 3.52 
65 S 14 15 10 5 8 8 7 4 6 77 6.7 4.12 
F 4 16 8 4 5 3 6 2 3 2 53 4.6 4.23 
66 S 17 9 8 4 4 4 3 5 2 1 4 61 5.3 4.13 
F 10 27 0 13 7 5 2 3 6 2 2 2 79 6.8 4.29 
67 S 8 9 10 0 8 3 4 0 0 1 1 1 45 3.9 3.89 
F 10 10 6 4 0 1 4 2 3 1 0 2 43 3.7 4.07 
'arity totals 357 295 155 111 83 52 39 23 20 7 7 5 1056 100.0 
'ercent 30.9 25.6 13.4 9.6 7.2 4.5 3.4 2.0 1.7 0.6 0.6 0.4 
Table 2. Distribution of litters by parity and litter size 
Durocs 
Litter Parity Average 
size 1 2 3 4 5 6 7 89 10 11 12 Total Percent parity 
1^ 2 1 2 5 0.5 2.40 
2^ 5 6 1 4 2 1 3 1 23 2.2 3.96 
3 23 6 5 5 1 3 6 3 52 4.9 3.40 
4 33 13 4 4 4 6 3 2 3 2 1 75 7.1 3.17 
5 47 18 10 6 8 2 5 3 1 2 102 9.7 2.75 
6 55 27 10 8 3 10 3 3 3 3 1 126 11.9 2.85 
7 58 39 18 8 12 6 7 2 150 14.2 2.55 
8 56 47 22 22 5 6 2 2 2 159 15.1 2.41 
9 55 36 20 20 8 1 2 1 1 151 14.3 2.56 
10 31 42 18 8 7 8 109 10.3 2.33 
11 15 29 17 2 3 1 67 6.3 2.36 
12 7 11 6 3 1 3 28 2.7 2.29 
13 1 4 2 2 9 0.9 2.56 
?otal 388 279 133 89 55 40 25 21 15 7 2 2 1056 100.0 
'ercent 36.7 26.4 12.6 8.4 5.2 3.8 2.4 2.0 1.4 0.7 o
 
to
 
0.2 
Average 
litter 
size 6.98 8.00 8.20 7.64 6.75 7.05 5.88 5.29 4.40 5.29 5.00 5.00 
^Litter size one and two not included in subsequent analyses. 
Table 2 (Continued) 
Hampshires 
^ 
size 1 2 3 4 5 6 7 89 10 11 12 Total Percent parity 
Litter Parity Average 
1^ 6 5 2 2 1 1 17 1.5 2.82 
2^ 14 3 2 4 4 1 2 4 3 1 1 39 3.4 4.15 
3 18 10 2 4 4 1 3 1 1 2 46 4.0 3.63 
4 34 12 8 5 8 5 6 1 1 1 2 2 85 7.4 3.38 
5 47 26 9 12 8 5 4 2 3 1 1 118 10.2 2.85 
6 66 35 21 14 9 5 3 2 2 1 158 13.7 2.51 
7 59 39 19 18 8 5 8 4 3 163 14.1 2.79 
8 51 65 25 10 15 9 4 6 2 1 188 16.3 2.82 
9 33 53 24 14 12 10 8 3 5 162 14.0 3.16 
10 18 32 21 23 7 5 1 1 108 9.4 2.94 
11 9 12 13 8 5 3 1 1 52 4.5 3.12 
12 2 1 8 1 1 13 1.1 2.85 
13 2 1 2 5 0.4 3.40 
?otal 357 295 155 111 83 52 39 23 20 7 7 5 1154 100.0 
'ercent 30.9 25.6 13.4 9.6 7.2 4.5 3.3 2.0 1.7 0.6 0.6 0.4 
Average 
litter 
size 6.38 7.42 7.91 7,53 7.14 7.10 6.44 6.43 5.85 5.00 3.57 4.40 
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Table 3. Means, standard deviations, coefficients of variation, and stand­
ard errors 
Standard Coefficient of Standard 
Trait Mean deviation variation (%) error 
Duroc 
Number = 1028 
42-day weight 23.95 lbs. 4.26 lbs. 0.18 0.13 lbs. 
98-day weight 87.81 lbs. 11.81 lbs. 0.13 0.37 lbs. 
154-day weight 186.39 lbs. 19.46 lbs. 0.10 0.61 lbs. 
Ist-period gain 62.57 lbs. 7.36 lbs. 0.12 0.23 lbs. 
.2nd-period gain 96.56 lbs. 10.20 lbs. 0.11 0.32 lbs. 
Total gain 161.89 lbs. 13.73 lbs. 0.09 0.43 lbs. 
Ist-period efficiency 256.55 lbs. 20.33 lbs. 0.08 0.63 lbs. 
2nd-period efficiency 336.00 lbs. 24.64 lbs. 0.07 0-77 lbs. 
Total efficiency 302.86 lbs. 16.43 lbs. 0.05 0.51 lbs. 
Average probe 1.256 in. 0.122 in. 0.10 0.004 in. 
Hampshire 
Number = 1098 
42-day weight 25.06 lbs. 4.48 lbs. 0.18 0.14 lbs. 
98-day weight 82.17 lbs. 13.10 lbs. 0.16 0.40 lbs. 
154-day weight 171.71 lbs. 20.73 lbs. 0.12 0.63 lbs. 
Ist-period gain 58.51 lbs. 7.83 lbs. 0.14 0.24 lbs. 
2nd-period gain 90.44 lbs. 9.20 lbs. 0.10 0.28 lbs. 
Total gain 149.80 lbs. 14.30 lbs. 0.10 0.43 lbs. 
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Table 3 (Continued) 
Standard Coefficient of Standard 
Trait Mean deviation variation (%) error 
Ist-period efficiency 266.14 lbs. 23,94 lbs. 0.09 0.72 lbs. 
2nd-period efficiency 337.65 lbs. 27.07 lbs. 0.08 0.82 lbs. 
Total efficiency 310.62 lbs. 18.44 lbs. 0.06 0.56 lbs. 
Average probe 1.030 in. 0.106 in. 0.10 0.003 in. 
it was corrected for year-season, litter size, parity, percent of males in 
the litter, and weight on the initial day of the test period. 
Effects of Litter Size, Parity, Sex, and Initial Weight 
A least squares analysis of variance was done within breeds with sires 
absorbed to get constants for litter sizes and parities, and partial re­
gression values on percent of males in the litter and on initial weights, 
for the dependent variables of gain and feed efficiency in each period. 
For average backfat probe the regression was on weight at 154 days. The 
same analysis was computed for weights at the three ages except that the 
regression on weight was removed from the analysis. 
The usual assumptions for Henderson's (1953) method 2 analysis were 
assumed. The additive linear model used was: 
^ijkl " ^ + Lj + + b^(M^j^^) + bgf^ijkl) ®ijkl 
where 
= is the observation of the 1th litter by the ith sire, jth 
litter size, and kth parity; 
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u" = is the overall mean (absorbed); 
S^' = is the effect of the ith sire (absorbed); 
Lj = is the effect of the jth litter size, j = 3, 4, 13; 
= is the effect of the kth parity, K = 1, 2, 10; 
b^ = is the partial regression of on percent of males; 
= is the percent of males in the 1th litter by the ith sire, 
jth litter size, and kth parity; 
b^ = is the partial regression of on weight; 
= is the average weight at the beginning of the test period of 
the 1th litter, by the ith sire, jth litter size, and kth 
parity ; 
e. . = is the random variation in Y. , not accounted for by the i]kl i]kl 
other factors in the model. 
Litter size and parity were assumed to be fixed effects. To get the 
approximate amount of variance accounted for by these fixed effects the 
2 2 ^^4. 
mean squares were equated to a + k.K , where k. = (n.. •'-^)/df., 
e 1 1 n.. 1 
where df^ is the degrees of freedom for the factor being considered, and 
n. is the number of observations in the jth subgroup of the ith factor. ] • 
The percent of variance accounted for by initial weight was found by the 
following formula: 
sk of V = R(L,P,M,W) - R(L,P,M) 
w TSS 
where R(L,P,M,W) was the reduction in sums of squares accounted for by the 
complete model, and R(L,P,M) was the reduction in sums of squares accounted 
for by the model ignoring the regression on weight, and TSS was the total 
sums of squares after sires and the mean were absorbed. 
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The absorbing of the sire effects removed the year and season effects 
because a sire was used in only one season in one year. The dependent var­
iables were corrected for the fixed factors only if they were significant. 
Since there were different numbers of observations making a litter 
mean there was a decrease in the litter mean variance of traits as litter 
size increased from three to 13. Bartletts' test for homogeneity of error 
(Snedecor, 1956) was calculated on each of the seven traits within each 
breed to test for differences in variances among different litter sizes. 
After litter sizes one and two were eliminated from the data only gain and 
feed efficiency in the first period for Hampshires had highly significant 
different variances among litter sizes. Therefore, no correction was made 
in the data for differences in variances. 
To test the importance of the interaction of litter size and parity 
another similar model was used which had the same factors as the former 
model plus an interaction term between litter size and parity. In this 
model litter size and parity were grouped into five subgroups each to re­
duce the number of normal equations in the interaction. The groupings on 
litter sizes were 1 to 3, 4 and 5, 6 and 7, 8 and 9, and 10 to 13. Pari­
ties were grouped by 1, 2, 3 and 4, 5 and 6, and 7 to 14. This analysis 
showed the interaction term was not significant; therefore, the interaction 
was omitted from the model so litter size and parity did not need to be 
grouped. 
The analyses of variances for average litter weights at 42, 98, and 
154 days of age for the model without the interaction term are given in 
Table 4. Litter size ranges from three to 13 and parity ranges from one to 
ten with any parities over ten included in ten. Litter size, confounded 
Table 4. Analysis of variance for average litter weight at 42, 98, and 154 days of age due to litter 
size, parity, and percent of males in the litter \ 
Duroc Hampshire 
Source of % of 
var.^ 
% of 
var.B variation D.F. M.S. F D.F. M.S. F 
42-day weight 
Litter size 10 59.34 4.35** 2.8 10 71.97 5.52** 3.1 
Parity 9 178.22 13.06** 10.4 9 331.18 25.40** 16.2 
Percent males 1 16.46 1.21 1 6.00 0.46 
Error 692 13.65 
98-day weight 
755 13.04 
Litter size 10 193.14 1.68 0.6 10 232.84 2.15* 0.8 
Parity 9 530.29 4.61** 3.4 9 1150.94 10.61** 6.2 
Percent males 1 22.01 0.19 1 77.44 0.71 
Error 692 114.99 
154-day weight 
755 108.46 
Litter size 10 780.01 2.82** 1.5 10 815.98 3.13** 1.3 
Parity 9 1444,38 5.22** 3.5 9 2462.36 9.44** 5.2 
Percent males 1 152.56 0.55 1 3143.77 12.05** 
Error 692 276.95 755 260.92 
^ values for litter size were 90.89 and 95.05 for Durocs and Hampshires, respectively; k values 
for parity were 87.29 and 97.63 for Durocs and Hampshires, respectively. 
•significant at the five percent level in this and subsequent tables. 
••significant at the one percent level in this and subsequent tables. 
with the number of pigs in each pen, had highly significant effects on 
weight at 42 and 154 days of age, and accounted for approximately 3.0 and 
1.4 percent of the variation in weights at these two ages in both breeds. 
Litter size had less effect on 98-day weight and was significant only in 
the Hampshire breed. The constants for each litter size are shown graphi­
cally in Figure 1. There was a tendency for the average weight per pig to 
decrease as the size of the litter increased and this difference increased 
as the pigs aged. The trends appeared to be quite linear from five to 13 
pigs per litter and similar in both breeds. 
The parity effects were highly significant at all three ages in both 
breeds. Parity effects accounted for a higher percent of the total varia­
tion in 42-day weight when the pigs were weaned (10.4 and 16.2 percent) 
than in 98-day weight (3.4 and 6.2 percent) or 154-day weight (3.5 and 5.2 
percent) in the Duroc and Hampshire breeds. These constants are illus­
trated graphically in Figure 2. Pigs raised from gilts were considerably 
lighter than pigs from older sows at all three ages. Sows having their 
second, third, and fourth litters tended to have heavier pigs than younger 
or older sows. These differences in weights due to parities were not de­
creased after weaning but actually increased. The constants on the graph 
indicate a breed-by-parity interaction in that young Duroc females had 
heavier litters than young Hampshire females; and Hampshire sows, after 
their fifth parity, had heavier litters than comparable Duroc sows. 
The percent of males in the litter was significant only for 154-day 
weight in the Hampshire breed, the regression value being 0.010 ± 0.029. 
This means that Hampshire litters of only males tended to weigh ten pounds 
more at 154 days of age, than litters of only females. 
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The weights at 98 and 154 days of age for each litter size and parity 
tended to have the same relative position as the weights at 42 days. This 
implies that litters heavier at weaning tend to be heavier at 98 and 154 
days of age. 
Mean squares, F values, and percents of the total variances accounted 
for by each factor for the seven traits of gains and feed efficiencies in 
the first, second, and total periods, and backfat probes at 154 days are 
shown in Table 5. For gains and feed efficiencies in the first and total 
period the partial regression was on 42-day weight and for gains and feed 
efficiencies in the second period the partial regression was on 98-day 
weight. For backfat probe the partial regression was on weight at 154 days 
of age, when the probes were taken. The analyses show that average weight 
of the litter at the beginning of the test affected performance more than 
litter size, parity of the dam, or the sex of the litter. 
The partial regressions on weights were highly significant for each of 
the seven traits in each breed, except for first-period feed efficiency in 
the Hampshires. Here the regression was significant at the five percent 
level, although it only accounted for 0.8 percent of the variation in first-
period efficiency. The regressions on initial weight in both breeds ac­
counted for approximately 22.9, 9.0, and 16.2 percent of the variation in 
gains in the first, second, and total periods, respectively. The regres­
sion values for gain on beginning weight were approximately 1.10, 0.29, and 
1.65 pounds for the three periods in both breeds. The partial regression 
values for weights and percent of males are presented in Table 6. 
Initial weight accounted for 4.3, 12.9, and 6.5 percent of variation 
in feed efficiencies in the Durocs, and 0.8, 7.6, and 2.0 percent of the 
Table 5. Analysis of variance of gains, feed efficiencies and probes due to litter size, parity, 
percent of males and weight 
Duroc Hampshire 
Source D.F. M.S. F % of 
var. 
D.F. M.S. F 
% of 
var. 
First-period gain 
Litter size 10 60.64 1.15 0.1 10 55.79 1.08 0.1 
Parity 9 143.95 2.73** 1.5 9 81.61 1.57 0.4 
Reg. on % males 1 15.58 .30 1 13.84 .27 
Reg. on 42 day wt. 1 12255.93 232.78** 24.3 1 11582.56 223.39** 21.5 
Error 691 52.65 754 51.85 
Second-period gain 
Litter size 10 162.56 1.73 0.7 10 216.79 2.90** 1.6 
Parity 9 199.37 2.12* 1.1 9 136.24 1.82 0.7 
Reg. on % males 1 333.66 3.55 1 1979.84 26.52 
Reg. on 98 day wt. 1 5466.71 58.21** 7.2 1 7903.68 105.87** 10.9 
Error 691 93.91 754 74.65 
Total gain 
Litter size 10 235.04 1.32 0.3 10 193.25 1.14 0.1 
Parity 9 100.98 .57 0.0 9 214.45 1.26 0.2 
Reg. on % males 1 532.91 2.99 1 2458.21 14.45** 
Reg. on 42 day wt. 1 27119.63 152.22** 17.0 1 26547.76 156.00** 15.5 
Error 691 178.16 754 170.18 
First-period feed efficiency 
Litter size 10 338.57 .89 0.0 10 1172.02 2.17* 1.2 
Parity 9 1219.78 3.22** 2.3 9 578.48 1.07 0.1 
Reg. on % males 1 948.58 2.50 1 1.60 0.00 
Reg. on 42 day wt. 1 12840.75 33.85** 4.3 1 3391.80 6.27* 0.8 
Error 691 379.30 754 540.67 
Table 5 (Continued) 
Duroc Hampshire 
Source D.F. M.S. F 
% of 
var. 
D.F. M.S. F 
% of 
var. 
Second-period feed efficiency 
Litter size 10 697.15 1.29 0.3 10 405.50 .60 0.0 
Parity 9 755.24 1.43 0.4 9 758.15 1.11 0.1 
Reg. on % males 1 2915.13 5.38* 1 35.47 0.05 
Reg. on 98 day wt. 1 58865.74 108.60** 12.9 1 43417.62 63.73** 7.6 
Error 691 542.02 754 681.29 
Total feed efficiency 
Litter size 10 241.72 1.07 0.1 10 263.04 .90 0.0 
Parity 9 626.43 2.77** 1.8 9 192.54 .66 0.0 
Reg. on % males 1 658.13 2.91 1 273.98 .94 
Reg. on 42 day wt. 1 12028.45 53.19** 6.5 1 4701.43 16.11** 2.0 
Error 691 226.14 754 291.88 
Average probe 
Litter size 10 0.0273 2.14* 0.7 10 0.0052 .58 0.0 
Parity 9 0.0218 1.71 0.5 9 0.0241 2.65** 0.9 
Reg. on % males 1 0.4742 37.17** 1 0.0723 7.94** 
Reg. on 154 day wt . 1 6.1373 481.12** 38.0 1 6.0592 665.50** 44.1 
Error 691 0.0128 754 0.0091 
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Table 6. Partial linear regressions of litter means on initial weight and 
percent of males 
Duroc; 
Hampshire : 
Duroc; 
Hampshire : 
Duroc; 
Hampshire : 
Regression on Initial Weight 
Ist-period gain 2nd-period gain 
1.139 ± 0.075 
1.085 ± 0.073 
Ist-period 
efficiency 
1.166 ± 0.200 
0.587 ± 0.234 
Backfat probe 
0.00566 ± 0.00026 
0.00555 ± 0.00021 
0.262 ± 0.034 
0.311 ± 0.030 
2nd-period 
efficiency 
0.860 ± 0.083 
0.728 ± 0.091 
Total gain 
1.695 ± 0.137 
1.642 ± 0.131 
Total efficiency 
1.129 ± 0.155 
0.691 ± 0.172 
Duroc; 
Hampshire : 
Duroc: 
Hampshire : 
Duroc: 
Hampshire ; 
Regression on Percent Males 
Ist-period gain 2nd-period gain 
0.008 ± 0.014 
0.007 ± 0.013 
Ist-period 
efficiency 
-0.060 ± 0.038 
-0.002 ± 0.042 
Backfat probe 
0.00134 ± 0.00022 
0.00049 ± 0.00017 
0.035 ± 0.019 
0.080 ± 0.016 
2nd-period 
efficiency 
0.105 ± 0.045 
0.011 ± 0.047 
Total gain 
0.045 ± 0.026 
0.089 ± 0.023 
Total efficiency 
0.050 ± 0.029 
0.030 ± 0.031 
variation in the Hampshires in the first, second, and total periods, re­
spectively. The partial regression values were between 0.7 and 1.2 for ef­
ficiencies on initial weights. 
The partial regressions of backfat probe on 154-day weight were highly 
significant and accounted for 38 and 44 percent of the total variation in 
probe. The regression values were 0.0057 ± 0.0003 and 0.0056 ± 0.0002 for 
the two breeds which indicates that for every pound increase in 154-day 
weight the average probe increased 0.0056 inches. 
Litter size constants were significant only for second-period gain and 
first-period feed efficiency in the Hampshires and average backfat probe in 
the Durocs. Litter size never accounted for more than 1.6 percent of the 
total variation in any of the seven traits; however, there was a slight 
tendency for first-period gain to increase and second-period gain to de­
crease as litter size increased in each breed. There was a significant 
trend for feed efficiency in the first period to decrease (improve) as lit­
ter size increased in the Hampshire breed. Total feed efficiency was not 
influenced by litter size. 
The effects of parity seemed to be more important in the Duroc breed 
and in the first 56-day period following weaning. Parities never accounted 
for more than 2.3 percent of the variation in any of the seven traits. 
However, a factor which would account for less than one percent of the var­
iation in these data could have a significant effect. Parities had signif­
icant effects on the first- and second-period gains in the Durocs but not 
on the total gain. Second-period and total feed efficiencies in the Duroc 
breed were also significantly affected by parities. In the Hampshire breed 
parity had significant effects only on the average backfat probe of the 
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litter. Although not significant the parity constants showed there was a 
tendency for litters from older sows to gain more in the first period. 
Some of this gain may have been due to compensatory gains since these lit­
ters weighed less at weaning. In the same period litters from older sows 
tended to require more feed per pound of gain. 
In general, litter size in the Hampshires affected performance more 
than the litter size in the Durocs, but parity of the Durocs influenced 
performance more than parity of the Hampshires. However, for average back-
fat probe litter size was significant only in Durocs and parity was signif­
icant only in Hampshires. 
Corrections were made for the fixed factors and partial regressions 
that were significant. For convenience consecutive litter sizes and pari­
ties were grouped if their constants were similar. 
Year-seasons, Sires, and Litter Analysis 
After the data were corrected for litter size, parity, percent of 
males, and weight the following completely nested model was used: 
^ijk = ; + Xi + 
where 
Y.._ = is the observation of the kth litter by the jth sire in the ith i]k 
year-season; 
y = is the overall mean; 
= is the effect of the ith year-season; 
= is the effect of the jth sire in the ith year-season; 
L . =  i s  t h e  v a r i a t i o n  o f  t h e  k t h  l i t t e r  t h e  j t h  s i r e  i n  t h e  i t h  ijk 
year-season. 
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All of the factors are considered random except the mean. was the 
smallest subclass and their variances were used as the error variances in 
F tests to test sire variances which were used to test year-season vari­
ances. By assuming sires were randomly distributed, estimates of the year-
season effects could be obtained. If sires were not randomly distributed 
then removing the year-season effects would remove some of the sire ef­
fects . 
Variance components of the factors in the model were calculated for 
each of the seven traits and for sums of all possible combinations of two 
traits within each breed. The covariance component could then be calcu­
lated between any two traits for any factor in the model by the following 
formula: 2 2 2 
~ ~ ° s  
a = 2 Z 
S S 2 
X y 
2 
where a is the variance component of factor S for the sum of the two 
x+y 
2 2 
traits X and y, and a and a are the variance components of factor S for 
the two traits. The covariance components for sires were determined by 
this method. 
Table 7 shows the mean squares, variance components, percents of vari­
ances, and F values of year-seasons, sires within year-seasons, and litters 
within sires. An F test showed that year-seasons were highly significant 
for each trait in each breed. Sires within year-seasons were highly sig­
nificant for all traits except first-period gain in the Durocs and only 
significant at the five percent level for first-period feed efficiency in 
the Hampshires. 
Table 7. Analysis of variance for gains, feed efficiencies and probes due to year-seasons, sires 
and litters 
Duroc Hampshire 
Source of 
variation D.F. M.S. V.C.^ * F D.F. M.S. V.C. ^ 
var. var. 
Year-season 15 535.12 7.27 
Sires/YS 300 59.24 1.88 
Litters/sires 712 53.22 53.22 
First-period gain 
11.61 9.05** 15 859.89 11.67 15.69 
3.01 1.11 307 89.76 11.52 15.49 
85.37 775 51.19 51.19 68.82 
9.98** 
1.75** 
Year-season 15 1452.92 20.45 
Sires/YS 300 135.00 13.08 
Litters/sires 712 93.07 93.06 
Second-period gain 
16.16 10.76** 15 1739.73 23.73 21.56 
10.33 1.45** 307 112.62 11.20 10.18 
73.51 775 75.11 75.11 68.26 
15.44** 
1.50** 
Year-season 15 
Sires/YS 300 
Litters/sires 712 
2616.91 
230.22 
37.14 
17.29 
174.79 174.79 
Total gain 
16.20 11.37** 15 4468.43 60.55 22.43 
7.54 1.32** 307 304.28 40.40 14.97 
76.25 775 169.00 169.00 62.60 
14.69** 
1.80** 
^Variance components : K values 
Year-season 
Sires/YS 
Litters/sires 
1.00 
1.00 
1.00 
4.138 
3.205 
63.833 1.00 
1.00 
1.00 
4.378 
3.348 
68.083 
Table 7 (Continued) 
Duroc Hampshire 
Source of _ 
variation D.F. M.S. V.C. ° F D.F. M.S. V.C. 
var. var. 
First-period feed efficiency 
Year-season 15 3303.65 
Sires/YS 300 511.08 
Litters/sires 712 381.02 
Year-season 15 15495.14 
Sires/YS 300 805.13 
Litters/sires 712 536.42 
43.16 
40.58 
381.02 
9.29 
8.73 
81.98 
6.46** 
1.34** 
15 
307 
775 
228.90 
83.89 
536.42 
26.95 
9.88 
63.17 
19.25** 
1.50** 
15 
307 
775 
Total feed efficiency 
Year-season 15 7436.89 109.73 28.42 19,26** 15 
Sires/YS 300 386.03 49.73 12.88 1.70** 307 
Litters/sires 712 226.63 226.63 58.70 775 
Average backfat probe 
Year-season 15 0.1476 0.0020 11.41 7.20** 15 
Sires/YS 300 0.0205 0.0024 14.14 1.60** 307 
Litters/sires 712 0.0128 0.0128 74.45 775 
5903.49 
678.31 
542,84 
Second-period feed efficiency 
23323.03 
907.13 
677.81 
10592.04 
490.68 
298.67 
0.2330 
0.0172 
0.0090 
76.14 
40,45 
542.88 
328.21 
68.49 
677,81 
147,50 
57.35 
298,67 
0.0031 
0.0024 
0,0090 
11,54 
6.13 
82.32 
30.54 
6.37 
63.08 
29,29 
11,39 
59.32 
21,46 
16.77 
61.77 
8.70** 
1.25* 
25.71** 
1.34** 
21.59** 
1.64** 
13.55** 
1,91** 
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Phenotypic correlations 
The phenotypic correlations between litter means were calculated with­
in year-seasons by the following formula: 
S ^ L 
r = X y X y 
X X y y 
Og S L covariance components for sires and litters, respec-
X y X y 
tively. a^ and o ^ are the sire and litter variance components for trait 
®x ^x 
X, and a and o ^ are the sire and litter variance components for trait Y. 
y y 
The phenotypic correlations within year-seasons are shown in Table 8. 
These phenotypic correlations were the same correlation coefficients ob­
tained when the data were corrected for year-seasons and product moment 
correlations were calculated. The t tests can be calculated for the prod­
uct moment correlation coefficients according to Snedecor (1956). Any cor­
relation greater than .062 was significant at the five per cent level. 
The correlations show that the relationship between gains in first and 
second periods were essentially zero. These low relationships may be par­
tially because gains were corrected for weight at the beginning of each 
period. Gains in the first and second periods were similarily correlated 
with total gain, with correlations between 0.67 and 0.77 mainly because of 
the part-whole relationship. 
Feed efficiencies in each period were slightly positively correlated. 
Feed efficiency over the total period was more highly correlated with feed 
efficiency in the second period (0.86) than with feed efficiency in the 
first period (0.50). This was probably because feed consumed in the second 
Table 8. Phenotypic correlations of litter means within year-seasons^ 
Gl S  % Si ^2 P 
Duroc 
1st period gain (Gi) 1.00 .01 .67 -.38 .04 -.01 .14 
2nd period gain (G^) 1.00 -74 .04 -.43 -.22 .07 
Total gain 1.00 -.23 -.29 -.17 .14 
1st period efficiency (E^) 1.00 .08 .50 .02 
2nd period efficiency (E2) 1-00 .87 .25 
Total efficiency (ET) 1.00 .26 
Backfat probe (P) 1.00 
Hampshire 
1st period gain (G^) 1.00 .07 .77 -.44 .05 -.03 .11 
2nd period gain (G^) 1.00 .69 -.04 -.52 -.37 --03 
Total gain (Gt)  1.00 -.34 --30 -.27 .06 
1st period efficiency (El) 1-00 .07 .50 -.01 
2nd period efficiency {E2) 1.00 .85 .19 
Total efficiency (E^) 
0
 
0
 
H
 .16 
Backfat probe (P) 1.00 
^r > .07 or r $ .07 is 
at the one percent level. 
significant at the five percent level; r » .09 or r 3 .09 is significant 
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period was a larger portion of the total feed consumed than that consumed 
in the first period. 
The relationships of gain and feed efficiency in this study were lower 
than those generally reported mainly because these measurements were taken 
on an age-constant basis rather than on a weight-constant basis. Pigs 
which gained faster are usually more efficient; however, they are also 
heavier, thus they required more feed for maintenance, and these opposing 
factors reduced the correlations. A negative correlation means that pigs 
which gained the most required less feed per pound of gain. In the Duroc 
breed the correlations between feed efficiencies and gains were -0.38, 
-0.43, and -0.17 for the first, second, and total periods, respectively. 
In the Hampshire breed the corresponding correlations were -0.44, -0.52, 
and -0.27. The correlations were lower in the total period when the oppos­
ing forces were greater. 
Average backfat probe was slightly positively correlated with gains 
and feed efficiencies. This means that fatter pigs tended to gain a little 
more but required more feed per unit of gain. 
Heritability 
Since this study used litter means as the observational unit the vari­
ances would be reduced by ^ ^ ^ compared to individual observations 
where t is the intraclass correlation and n is the number in each group. 
The individuals that are averaged together to make up the litter means were 
full-sibs therefore t for additive genetic variances was the genetic corre­
lations between them which is 0.50. The additive genetic variance in lit­
ter means is: 
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2 ^  (1 + (n-l)0.5 2 ^ n±± 2 
^ n ' Aj 2n °A 
ll I 
where a_ ^  and CT,^ were the additive genetic variances in litter means and 
individual pigs, respectively, and n is the harmonic means of litter sizes. 
In this study with litter sizes ranging from three to 13 the harmonic means 
were 6.607 and 6.524 for Durocs and Hampshires, respectively. This formula 
0  2x1 
shows that the additive genetic variances of individuals (cf^ ) equals ^ ^ ^  
times the additive genetic variances of litter means (o 2), sire compo-
L 
nents for half-sibs contain one-fourth of the additive genetic variance 
which implies four times the sire component is an estimate of the additive 
genetic variance of individuals. Substituting it in the above formula 
equals ; 
since the harmonic means (n) are 6.607 and 6.524 the sire components 
would be multiplied by 2.303 and 2.307 in the Durocs and Hampshires to ob­
tain estimates of the additive genetic variances in litter means. 
The phenotypic variances of litter means within year-seasons equals 
+ o hence the heritability estimates from half-sib litter means were 
figured from the following formula : 
(2 + 2/n) 
<5 Ll O 
since this study was on litter mean observations and most experiments 
were from individual observations on pigs an attempt is made to clear up 
the relationship between heritability estimates derived from litter means 
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and those derived from individual observations. To get the exact relation­
ship between the two estimates the within litter variances of litter mates 
is needed. This can only be calculated from the individual observations. 
Since the additive genetic correlation for full-sib litter mates is 
0.50 the additive genetic variance of litter means is ^ o as 
n 
shown before. The litter means contain 0.576 and 0.578 of the individual 
additive genetic variance for the Durocs and Hampshires, respectively, 
since n is 6.607 and 6.524. As n, the harmonic mean of litter size, in­
creases litter averages would approach one-half of the additive genetic 
variance in the individuals. 
To study the phenotypic variances of litter means and individuals the 
phenotypes are divided into additive genetic effects and environmental ef­
fects. Non-additive genetic effects are included in environmental effects. 
Assuming no genetic and environmental interaction 
and 
where and are the phenotypic variances for individuals and litter 
I L 
means, respectively, a^ and o ^ are the additive genetic variances, and 
I \ 
and are the environmental variances. Since the variances of litter 
means is ^ ^  ^  of the variances of individual pigs it follows : 
1 + (n-l)t„ 1 + (n-l)t, 1 + (n-1)t, 
1 a  2 = A 2 + E 2 
Yi n A^ n 
The value for t^ was already established to be 0.50 so solving for t^ 
37 
gives : 
2  . . .  . 2 .  
4 
= 0.50 h + t (1 - h ) 
ty and tg are the intraclass correlations of observations and environmental 
effects, respectively. This relationship is independent of n. If there is 
no environmental covariances then the intraclass correlation of observa­
tions is one-half of the heritability of individual observations. 
The relationship of heritability estimates of litter averages and in­
dividuals is; 
0^ 1 + (n-l)0.5 o 2 
= n ^ 
^ 1 + (n-l)[0.5h2 + tg(l-h^)] 
n 
1 + (n-l)0.5 ^ ^ 2 
1 + (n-l)[0.5h^ + tg(l-h^)] 
n was set equal to 6.56, between the two harmonic means of litter sizes for 
the two breeds. Assuming no environmental covariances of litter mates and 
2 2 2 2 h = 0.20 then h = 0.49 and if h^ = 0.50 then h_ = 0.79. By assuming the 1 Li X Xj 
2 2 
environmental correlation to be 0.20 if h^ = 0.20 then h^ = 0.31 and if 
2 2 h^ = 0.50 then h^ = 0.64. These relationships are shown in Figure 3 with 
different values of t^. 
It must be remembered that the environmental intraclass correlation, 
which is used in this study, is not equal to the phenotypic intraclass cor­
relation of litter mates. The phenotypic litter mate correlation is gen­
erally larger than the environmental correlation because it contains one-
half of the additive genetic effects. 
The heritability of litter averages would be expected to be larger 
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Figure 3. Relationship of litter mean heritabilities and individual herit-
abilities, when the average litter size is 6.56 for different 
values of environmental intraclass correlations of litter mates 
than heritability estimates of individuals. However this difference be­
tween the heritability estimates is reduced if the environmental correla­
tion is more positive and closer to 0.50. If the environmental intraclass 
correlation is greater than 0.50, the estimates of litter mean heritabili-
ties are less than the individual heritability estimates. If the environ­
mental intraclass correlation is 0.50 the heritability estimates from the 
two methods are equal. 
In this experiment there was likely to be some environmental correla­
tion of litter mates since they were tested in the same pen. Also the her­
itability estimates of litter means in this study were not greatly differ­
ent from the estimates reported by other scientists on individual pigs 
which infers the environmental correlations were positive. 
These heritability estimates are given in Table 9. The heritability 
estimates for gain in the first period were higher for Hampshires (0.42) 
than for Durocs (0.08), but in the second period they were about the same 
for each breed (0.28 and 0.30). The estimates for gain from 42 to 154 days 
of age were 0.21 and 0.44 for the Durocs and Hampshires, respectively. 
The heritability estimates for feed efficiencies were higher for the 
second period (0.31 and 0.21) than for the first period (0.22 and 0.16) and 
highest for the complete period (0.41 and 0.37) for the two breeds. The 
feed efficiency heritabilities were slightly higher in the Durocs in each 
period. The average backfat probe adjusted for weight had 36.4 and 48.6 
percent of its variance accounted for by additive genetic variance. 
The heritability estimates for 42-, 98-, and 154-day litter mean 
weights were much higher in the Hampshires than in the Durocs. Heritabil­
ity estimates of 98-day weight (0.08 and 0.32) and 154-day weight (0.16 and 
Table 9. Heritability estimates of litter means 
Duroc; 
Hampshire : 
Duroc; 
Haiïpshire ; 
Ist-period 
gain 
.079 ± .073 
.423 ± .077 
Total 
efficiency 
.414 ± .078 
.372 ± .076 
2nd-period 
gain 
.284 ± .078 
.299 ± .075 
Average 
probe 
.364 ± .080 
.486 ± .077 
Total 
gain 
207 ± .076 
445 ± .077 
42-day 
weight 
030 ± .068 
054 ± .067 
Ist-period 
efficiency 
.222 ± .077 
.160 ± .071 
98-day 
weight 
.076 ± .072 
.322 ± .074 
2nd-period 
efficiency 
.311 ± .079 
.212 ± .072 
154-day 
weight 
.160 ± .074 
.344 ± .074 
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0.34) in Durocs and Hampshires were more highly heritable than 42-day 
weights (-0.03 and 0.05) because the additive genetic variation of gains 
after weaning accounted for more of the variation in weights at later ages. 
Since heritabilities were calculated by multiplying the intraclass 
correlations for offspring of sires times a constant (2 + 2/n) the standard 
errors of the heritability estimates were figured as the standard errors of 
the intraclass correlations times the constant. The variance of an intra­
class correlation was given by Falconer (1967) as: 
2 ^  2[l + (n-l)t]2(i_t)2 
t n(n-l)(N-1) 
where n is the number of litters per sire and N is the number of sires. 
The standard errors of heritability estimates were approximately 0.08. 
Genetic correlations 
The genetic correlations between gains, feed efficiencies, and backfat 
probes were figured by the following formula: 
y a a  2 
with the components the same as described before. Each component was re­
duced by ^ ^ compared to individual observations because it was 
based on litter mean observations. Since n and t would be the same for 
each component of variance and covariance this factor would cancel in the 
numerator and denominator and the correlations would be unbiased estimates 
of the genetic correlations between traits measured on individuals. 
The genetic correlations are presented in Table 10. After correcting 
Table 10. Genetic correlations 
Gl ^2 S Si ^2 P 
Duroc 
1st period gain (G^) 1.00 .20 .58 -.19 -.03 .05 .56 
2nd period gain (G^) 1.00 .91 -.26 -.62 -.41 -.05 
Total gain (G^) 1.00 -.32 -.55 -.34 .20 
1st period efficiency (El) 1.00 .76 .90 .32 
2nd period efficiency (E2) 1.00 .95 .82 
Total feed efficiency (E^) 1.00 .80 
Backfat probe (P) 
Hampshire 
1.00 
1st period gain (G^) 1.00 .32 .87 -.63 .01 .02 .22 
2nd period gain (G^) 1.00 .75 —. 80 -.71 -.62 -.28 
Total gain (Gq,) 1.00 —. 88 -.39 -.33 .01 
1st period efficiency (El) 1.00 1.22 .99 .19 
2nd period efficiency (E2) 1.00 1.05 .82 
Total feed efficiency (Et) 1.00 .63 
Backfat probe (P) 1.00 
for initial weight, the genetic correlation between gains in the first and 
second period was 0.20 for Durocs and was 0.32 for Hampshires. The genetic 
correlations between gain in each 56-day period and total gain ranged from 
0.58 to 0.91, mainly because of the part-whole relationship. The genetic 
correlations between feed efficiencies in the different periods were quite 
high, especially in the Hampshire breed where the estimate was greater than 
one. 
The genetic correlations between gains and feed efficiencies were 
-0.19 and -0.63 in the first period; -0.62 and -0.71 in the second period; 
and -0.34 and -0.33 over the total period for the Duroc and Hampshire 
breeds, respectively. 
The genetic relationship of probe was positive with first-period gain 
but slightly negative with second-period gain. This implies the pigs with 
additive genetic effects for fatter probes at 154 days contain additive 
genetic effects for greater gain in the first 56-day period but for smaller 
gains in the second 56-day period after weaning. Backfat probe and feed 
efficiency had positive genetic correlations and this relationship was much 
larger in the second and total periods than in the first period. Geneti­
cally, litters which had greater probes required more feed, particularly at 
heavier weights. This relationship is desirable in that selecting for 
smaller probes or lower feed requirements improves the other trait. 
The correlated response measures the response in one trait when se­
lecting for another correlated trait. Falconer (1960) shows the correlated 
response of trait Y when selecting for trait X to be: 
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where is the intensity of selection for trait X, h^ and h^ are the 
square roots of the heritabilities of traits X and Y, r is the genetic 
Vy 
correlation between traits X and Y, and is the phenotypic standard devi­
ation of Y. The response to selection of trait Y with direct selection is: 
R = i h 
2 
where i^ is the intensity of selection for trait Y, h^ is the heritability 
of trait Y, and is the standard deviation of Y. To study the relative 
effectiveness of indirect selection for trait X to in^rove trait Y, the 
correlated response is divided by the response from direct selection. 
\ °y 
Assuming equal selection pressure is applied to each trait the ratio 
is the genetic correlation times the square root of the heritability of the 
selected trait divided by the square root of the heritability of the corre­
lated response trait. If the calculated genetic correlation was larger 
than one, it was assumed to be one. These ratios are shown in Table 11. 
In this experiment selection for total feed efficiency would increase 
first- and second-period feed efficiency more in both breeds than direct 
selection for these traits. First-period efficiency would theoretically 
have been improved 23 and 51 percent more in each breed by selecting for 
total efficiency rather than direct selection. 
In the Duroc breed selection for backfat probe would increase first-
period gain 20 percent more than direct selection for first-period gain. 
Selection for second-period gain was six percent more effective in in­
creasing total gain than direct selection on total gain. In the Hampshire 
Table 11. Ratios of correlated response to response of direct selection 
Correlated 
trait Gl S  
Selected trait 
°T ^1 ^2 P 
Durocs 
1st period gain (G^) 1.00 .38 .94 -.32 — .06 .11 1.20 
2nd period gain (G^) .11 1.00 .78 -.23 -.65 -.50 -.06 
Total gain (G^) .38 1.06 1.00 —. 33 -.67 — « 48 .26 
1st period efficiency (El) -.11 -.29 -.31 1.00 .90 1.23 .41 
2nd period efficiency {E2) -.02 -.59 -.45 .64 1.00 1.10 .89 
Total efficiency (ET) .02 -.34 -.24 .66 .82 1.00 .75 
Backfat probe (P) .26 -.04 
Hampshires 
.15 .25 .76 .85 
0
 
0
 
H
 
1st period gain (Gi) 1.00 .27 .89 -.39 .01 .02 .24 
2nd period gain (G^) .38 1.00 .91 -.58 -.60 -.69 —. 36 
Total gain (G?) .85 .61 1.00 -.53 -.27 -.30 .01 
1st period efficiency (El) -1.02 -1.09 -1.47 1.00 1.15 1.51 .33 
2nd period efficiency (E2) .01 -.84 -.56 .87 1.00 1.32 1.24 
Total efficiency (Et)  .02 -.56 -.36 .65 .75 1.00 .72 
Backfat probe (P) .20 -.22 .01 .11 .54 .55 1.00 
breed selection for total gain, second-period gain, and second-period ef­
ficiency were calculated to be 47, nine, and 15 percent more effective in 
improving first-period feed efficiency than to direct selection of first-
period efficiency. The ratio of the response in second-period efficiency 
was 1.24 when comparing selection for backfat probe to direct selection. 
Total efficiency responded only 24 and 36 percent as much when selection 
for total gain compared to direct selection in the two breeds. 
The results indicate that a few traits could be improved more effi­
ciently when selecting for another correlated trait. Even though the 
ratios are less than one changes occur in traits when selection is applied 
to correlated traits. 
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DISCUSSION 
The data analyzed for this study were from over 1000 litters in each 
of the Duroc and Hampshire breeds. The litters were housed in separate 
pens to 154 days of age} and gains, feed consumptions, and probes were re­
corded for each litter as a unit. Gains and feed consumption records were 
taken at 42, 98, and 154 days of age when the pigs came off test. There 
was no selection applied to the females and only new introduced boars were 
used each mating season, hence there was little or no inbreeding. Litters 
with less than three pigs were eliminated from the data. 
The effect of parity on litter size at weaning is summarized in Table 
2. Sows having their third litter had the largest litters, averaging 8.2 
pigs in the Durocs and 7.9 pigs in the Hampshires. Second-litter sows had 
slightly smaller litters than third-litter sows and first-litter gilts av­
eraged about one pig less than second-litter sows. This generally agrees 
with the results of Lush and Molln (1942) who found about one-half pig dif­
ference for litter sizes at weaning between first- and second-litter fe­
males. As the sows aged after their third parity there was a gradual de­
cline in litter size, especially after their sixth parity. However, the 
number of sows with larger parities was not large enough to get accurate 
estimates of these parity effects. 
The means and standard deviations are presented in Table 3. The aver­
age 154-day weight was 186.4 and 171.7 pounds for the Durocs and Hamp­
shires, respectively. This agrees closely with Cox (1967) who analyzed 
from the same source of data from 1960 to 1966 on an individual pig basis 
and found the corresponding means to be 188.7 and 169.3 pounds for the two 
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breeds. The standard deviations of 154-day weight for pigs within litters 
(19.6 and 19.8) for each breed that he reported were similar to these 
standard deviations of litter averages (19.5 and 20.7). The standard devi­
ations in Table 3 are of litter means corrected for the fixed effects and 
year-seasons. The variances of litter averages contain the litter vari­
ances plus 1/n of the individual within litter variances. The gains used 
for analysis were pounds gained in the test period. When the gains were 
converted to daily gains the means were 1.12, 1.72, and 1.44 pounds per day 
for the Durocs and 1.05, 1.61, and 1.34 pounds per day for the Hampshires 
in the first, second, and total periods, respectively. Thus Duroc pigs 
gained about 0.10 pound more per day than the Hampshire pigs in each peri­
od. Pigs in both breeds gained about 0.60 pound more per day in the second 
56-day period than the first 56-day period. The average daily gains would 
have been greater if the pigs had been fed to market weight rather than 
ending the test at 154 days of age. 
The amount of feed required per 100 pounds of gain was about 75 pounds 
or 29 percent higher in the second 56-day period than the first 56-day pe­
riod after weaning. This difference was largely because cf the greater 
feed requirement for maintenance of the heavier pigs, and because relative­
ly more fat which contains more energy than the same amount of lean was de­
posited then (Elson et al., 1963). 
The average feed efficiencies were not greatly different in each 
breed, although the Durocs gained 100 pounds on about eight pounds less 
feed. This breed difference would have been more evident if the pigs had 
been fed to comparable market weights. The Durocs gained faster which 
probably caused part of the more desirable feed efficiency. 
The standard deviations for feed efficiencies in both breeds were 
lower when figured over the total period (16.4 and 18.4) than in the first 
period (20.3 and 23.9) or second period (24.64 and 27.07). These standard 
deviations were usually lower than those reported by others because these 
observations were made on the average gains and feed consumptions of three 
to 13 pigs per litter. If the genetic variation for feed efficiencies was 
similar in each period then the environmental fraction of the variation was 
less over the total period, and more effective selection could be practiced 
on total feed efficiency rather than feed efficiency measured in either 56-
day period. Larger errors are made in measuring efficiency in a 56-day 
period rather than over both periods. 
The average backfat probes taken and adjusted for weight at 154 days 
were 1.26 and 1.03 inches for the Durocs and Hampshires, respectively. 
This agrees with Cox (1967) who analyzed the same source of data on an in­
dividual basis and reported average probes of 1.31 and 1.03 inches for the 
two breeds. The standard deviations were slightly higher in the Durocs but 
the coefficients of variation were about ten percent in both breeds. In 
this study the Durocs had better performance for gain and efficiency but 
were fatter. 
Effects of Litter Size, Parity, Sex, and Initial Weight 
Sires were absorbed to remove the effects of sires and year-seasons 
since sires were only used for one year-season. The effects of litter 
size, parity, and percent of males upon for weights at 42, 98, and 154 days 
of age are presented in Table 4. The analyses of variances show that lit­
ter size and parity were significant, but they usually accounted for less 
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than five percent of the total variation in weight at a given age. Al­
though litter size was highly significant on 42- and 154-day weights in 
both breeds, litter size had less influence on the average weight of the 
litter at given ages than parity of the sow. Litter size was most impor­
tant on 42-day weight when there was competition for the dam's milk. At 
154 days of age litter size was more important than at 98 days, probably 
because there were larger pigs in the same area and more competition for 
space and feeders. Figure 1 shows there was a slight increase in weight as 
litters increased from three to five pigs. Between litters of five and 13 
pigs, the effect of litter size on weight was almost linear. The average 
decline in 154-day weight was about 1.2 pounds per pig as litter size in­
creased one pig. Since litter size never accounted for more than 3.1 per­
cent of the total variation in weight per pig, the total weight of the lit­
ter produced by a dam was mainly a function of number in the litter. 
Parity had the most influence on 42-day weights and accounted for 10.4 
and 16.2 percent of the total variation in the Duroc and Haitpshire breeds. 
The pigs from gilts weighed about 3.2 pounds less at 42 days than pigs from 
second-litter sows; pigs from second-litter sows weighed about one pound 
less than pigs from third-litter sows. This agrees generally with Nordskog 
et al. (1944) who found that pigs from sows had a four-pound advantage over 
pigs from gilts at weaning and maintained this advantage to market weight. 
Parity effects were still highly significant at 98 sind 154 days of 
age; however, they accounted for a lower and approximately equal (3.4 and 
6.2) percent of the total variation in weights at these two ages. Parity 
effects accounted for a higher percent of the variation in the Hampshire 
breed. There was some breed by parity interaction because the Hampshire 
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gilts tended to have smaller litters with smaller average weaning weights 
than Duroc gilts. However, as the sows aged the pigs from the older Duroc 
sows had poorer performance than pigs from older Hampshire sows. The 
graphs in Figure 2 indicate that heavier weaning weights are associated 
with heavier weights at older ages. 
The effect of sex on average litter weight was measured by a partial 
regression on the percent of males in the litter. The regression was only 
significant for 154-day weight in the Hampshires. The regression was 0.101 
± 0.029 which means that litters with only male pigs weighed ten pounds 
more at 154 days than litters containing only gilts. This agrees with Park 
(1962) , Jonsson (1959) , and others who have reported that males gain faster 
than females when group fed together and generally weigh four to five per­
cent more per day of age at market weight. The regression on percent of 
males probably would have been more significant if the pigs had been tested 
beyond 154 days of age to market weight because the sex différents are more 
evident at heavier weights. 
Gains, feed efficiencies, and backfat probe were analyzed for the ef­
fects of litter size, parity, percent of males, and initial weight (Table 
5). The partial regression on initial weight removed the effects of litter 
size and parity caused indirectly by different initial weights. The re­
gression on weight accounted for a larger fraction of the total variations 
than any of the other fixed effects. The partial regression values and 
their standard errors are shown in Table 6. 
Initial weight accounted for the highest fraction of total variation 
in first-period gains (24.3 and 21.5 percent) in Durocs and Hampshires, a 
lesser fraction in second-period gains (7.2 and 10.9 percent), and was 
intermediate in total gains (17.0 and 15.5 percent). The regression values 
for the three corresponding gain periods on initial weight were approxi­
mately 1.1, 0.3, and 1.7. This implies that litters which weighed one 
pound more at 42 days tend to gain an additional 1.1 pounds and weigh 2.1 
pounds more at 98 days. 
The percents of the total variances in feed efficiencies accounted for 
by initial weights ranged from 0.8 to 12.9 percent and were less than the 
percents of the total variances accounted for in gains by initial weight. 
Initial weight accounted for the highest fraction of variation in second-
period efficiency where the regression was on 98-day weight while the re­
gressions for the other two periods were on 42-day weights. The regression 
values of feed efficiency on initial weight were higher in the Duroc breed 
in each period, and ranged from 0.59 to 1.17 in both breeds indicating 
heavier litters at the beginning required more feed per pound of gain. 
The only significant effects litter size had on performance traits in 
any period was on first-period feed efficiency and second-period gain in 
the Hampshire breed. For these two traits litter size only accounted for 
1.2 and 1.6 percent of total variation. 
Aiuiough the effects were generally not significant there was a tend­
ency for average gain to increase in the first period and decrease in the 
second period as litter size increased. Over the total period from 42 to 
154 days of age there was little effect of litter size on gain. Feed effi­
ciency tended to decrease in the first period and increase in the second 
period as litter size increased; however, these were generally not signifi­
cant effects. The feed efficiency over the total period changed very lit­
tle as litter size increased. Litter size was confounded with the number 
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of pigs per pen; therefore, the effects probably were due to number of pigs 
per pen rather than number in the litter. There was a slight decrease in 
performance when up to thirteen pigs were left in an eight by 16 foot pen; 
however, this still allowed almost ten square feet per pig and one feeding 
stall for six pigs. There are few reports of comparable studies of effects 
of litter size on performance traits. Most studies have been on pigs 
tested with a constant number from a litter or sire group rather than the 
complete litters. 
Parity effects were more significant for gain and feed efficiency in 
the Duroc breed than the Hampshire breed. Parities were significant for 
first- and second-period gains in the Durocs but not for total gain. This 
implies that parity groups that tended to gain more in one period gained 
less in the other period. First-period gains decreased slightly as parity 
increased; however, the constants for parities did not clearly establish a 
linear trend. Since litter size and parity were generally highly signifi­
cant for weights per day of age but not for gains after weaning, it follows 
that their major effects were on gains before weaning. This agrees with 
Seifert (1970) who found that parity and litter size had highly significant 
effects on 42-day weights. 
Average litter backfat probes were analyzed with a partial regression 
on litter average 154-day weights. As expected the regressions on weight 
when the probes were taken were highly significant and accounted for 38.0 
and 44.1 percent of the variation in probe. Cox (1967) gave the regression 
of individual probe on 154-day weight as 0.007 and 0.006 inches per pound 
for the Duroc and Hampshire breeds. 
Litter size had significant effects on probe in the Duroc breed only. 
where it accounted for 0.7 percent of the probe variation. Duroc litters 
with five to nine pigs tended to probe loss than smaller or larger litters. 
Parity effects were highly significant on probe only in the Hampshire 
breed, accounting for less than one percent of the total variation in 
probe. Litters from first-litter gilts and second-litter sows tended to 
probe fatter than litters from older sows. 
The partial regressions on percent of males in the litter were signif­
icant for second-period and total gains in the Hampshires, second-period 
feed efficiency in the Durocs, and average probe in both breeds. The re­
gressions on percent of males were positive for all traits except first-
period feed efficiency. This means males tended to gain more but required 
more feed per pound of gain and also probed fatter. The regression values 
for second-period and total gain were 0.08 and 0.09 which means a litter of 
only males would gain eight or nine more pounds in the second and total 
test periods than a litter of all gilts. Since the regressions on percent 
of males were not large in the first period most of the sex differences in 
gain occur after 98 days of age. 
The partial regressions for probe on percent of males were 0.0013 and 
0.0005 for the Durocs and Hampshires, which infers that all-male litters 
would probe 0.13 and 0.05 inch more backfat than all-gilt litters. These 
results agreed in general with what other researchers who have studied sex 
differences have found. 
The observations on gains, efficiencies, and probe were adjusted for 
the effects of litter size, parity, percent of males, and weight if they 
were significant. These corrections probably didn't affect the data much 
.ce these factors accounted for a relatively small percent of the total 
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variations, except for the partial linear regression on initial weight 
which accounted for a sizeable part of the total variation. 
Year-seasons, Sires, and Litter Analysis 
Table 7 shows that year-seasons effects were highly significant for 
every trait when sires within year-seasons were used as error variances for 
the F tests. This was expected because there was much common environmental 
effects, such as weather, management, parasites, and diseases which were 
unique to each year-season. Since sires were used in only one season, some 
genetic differences arose between seasons. 
The fraction of the total variation in gains due to year-seasons 
ranged from 11.6 to 22.4 percent in the different periods and breeds. 
Year-seasons accounted for a larger percent of the variation in the second-
period and total gains than in the first-period gains. This difference was 
due in part because the second 56-day period occurred in the middle of sum­
mer or winter when the temperatures are more extreme. Some seasonal ef­
fects were present since the average gains were about 2.2, 3.5, and 6.3 
pounds more for the fall-farrowed litters than for spring-farrowed litters 
in the first, second, and total period, respectively. Breed means tended 
to vary together in each year-season and since the breeds were genetically 
independent much of the year-season effects were assumed to be environmen­
tal. 
Year-seasons had large effects on feed efficiencies and accounted for 
approximately 10.4, 28.7, and 28.8 percent of the total variation in feed 
efficiencies of both breeds in the first, second, and total periods. This 
indicates the importance of correcting for year-seasons or analyzing within 
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year-seasons so that an appreciable part of the environmental variation can 
be removed. 
The average difference between feed efficiencies in the spring- and 
fall-farrowed litters were 4.5, 11.5, and 9.0 pounds in the three periods. 
Presumably more feed was required in the colder seasons for maintenance. 
The variances of average litter probes were reduced 11.4 and 21.5 per­
cent in Durocs and Hampshires by removing year-season effects. After ad­
justing for weight the average probe of the fall litters probed 0.006 inch 
less than the spring litters. There was very little seasonal difference in 
probe with the pigs being slightly leaner in the winter. 
As shown in the analysis and results section the additive genetic 
variances of litter means is equal to (2 + 2/n) times the sire components. 
Therefore the sire components contain 2 +^2/n (approximately of the 
additive variance of litter means, where n is the harmonic means of litter 
size. The sire components were from half-sib litter averages. The assump­
tion required for this deviation is that no environmental covariances ex­
ists among litters of the same sires. The sire components of half-sib lit­
ter means contained a higher fraction of the additive genetic vari­
ance than sire components of individual half-sibs (h) since a. litter has 
more opportunities than an individual to receive all of the genes of their 
sire. 
Sires were also assumed to be mated at random to females, which was 
not entirely correct because about one-half of the litters were from litter 
mate boars mated to unrelated litter mate females. This means that litters 
were double first cousins to approximately one and two litters out of the 
1000 in each breed. Since this was such a small fraction of the litters. 
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it was assumed that the boars were mated at random. 
The fractions of the total variances for different traits due to sires 
were similar for both breeds except for first-period gains, where Hampshire 
sires accounted for 15.5 percent and Duroc sires accounted for only 3.0 
percent of the variation. This also showed up in the total gains where 
Hampshire sires accounted for 15.0 percent of the variation as compared 
with 7.5 for the Duroc sires. The fractions of total variance of second-
period gain due to sires were very similar, about ten percent, in each 
breed. 
Sires accounted for 6.1 to 12.9 percent of the total variances in feed 
efficiencies, and accounted for the lowest fraction of the variation in the 
first period and the highest fraction over the total period. Duroc sires 
accounted for a larger fraction of the total variation in feed efficiencies 
in each period than did Hampshire sires. 
The variances for litters within sires accounted for the remainder of 
the total variances after year-seasons and sires within year-seasons. Lit­
ter mean squares were used as the error mean square to test the signifi­
cance of sire effects. Sire effects were highly significant for each of 
the seven traits in each breed except for first-period feed efficiency in 
the Han^)shires where they were only significant at the five percent level, 
and first-period gain in the Durocs where sires were not significant. 
Litter variances ranged from 58.7 to 85.4 percent of the total vari­
ances for the seven traits in both breeds. The litter variances contained 
environmental pen effects, maternal effects, additive genetic variance not 
accounted for by sires, dominance and epistasis effects, and the random and 
environmental variation of litter means. The fraction of the additive 
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genetic variance of litter means in the sire components was or 43.5 
percent. Therefore the litter variances contained the remaining or approx­
imately 56.5 percent of the additive genetic variances of litter means. 
Phenotypic correlations 
Phenotypic correlations within year-seasons were calculated from the 
sire and litter covariance and variance components. These correlations for 
the seven traits, presented in Table 8, were similar for each breed. No 
correlations were calculated with weights because the traits were corrected 
for weight. 
An approximate correlation between these two gains without adjusting 
for 98-day weight was figured from the regression of second-period gain on 
98-day weight and the standard deviations of first- and second-period 
gains. The partial regression value of second-period gain on first-period 
gain would be approximately equal to the partial regression of second-
period gain on 98-day weight. Therefore the correlation between gains in 
the two periods was approximately equal to the partial regression of 
second-period gain on 98-day weight times the standard deviation of first-
period gain divided by the standard deviation of second-period gain. These 
calculated correlations were 0.19 and 0.26 for the Durocs and Hampshires, 
respectively. Blunn et al. (1953) reported correlations of 0.32 in the 
North Platte data and 0.53 in the Lincoln data and Hazel et (1943) re­
ported a correlation of 0.55 between gains in two similcir periods. The 
calculated correlations obtained in this study were similar but somewhat 
lower. 
The gains in each period adjusted for initial weight were correlated 
between 0.67 and 0.77 with gain over both periods. These correlations were 
mainly due to the part-whole relationship with each 56-day period gain ac­
counting for about one-half of the variation in total gain. 
The phenotypic correlations between first-period efficiency and 
second-period efficiency were small and positive. These correlations may 
be smaller because litters which were more efficient in the first period 
most likely gained more, hence, may have required more feed in the second 
period because they weighed more. Also since feeder weight at 98 days was 
used to compute feed consumption in the each period any error in this meas­
urement which would make the consumption less in the first-period would 
make it more in the second-period and vice versa. Second-period feed effi­
ciency was correlated more strongly with total efficiency than first-period 
efficiency with total efficiency in each breed. Probably because the 
largest fraction of the total feed was consumed in the second period when 
the pigs grew more rapidly and had higher maintenance requirements. 
The correlations between gains and feed efficiencies in this study 
were smaller or less negative than those many others have reported because 
the measurements were recorded on an age-constant basis, whereas most data 
were collected on a relatively weight-constant basis. Knapp and Baker 
(1944) and Park (1965) also concluded that the correlations between gain 
and efficiency were reduced when recorded on an age-constant basis. 
The phenotypic correlations between gain and efficiency over the total 
period were smaller for both breeds (-0.17 and -0.27) than correlations in 
the first period (-0.38 and -0.44) or correlations in the second period 
(-0.43 and -0.52). These correlations were smaller because pigs which 
gained more would have better feed efficiencies at the same weight, but 
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they required more feed for maintenance toward the end of the test period 
because they were heavier. The correlations were smaller over the total 
period because these opposing forces for gain and efficiency would not be 
as pronounced in each 56-day period as over the total 112-day period. In 
experiments where pigs were removed from test at a constant weight the 
faster gaining pigs required less feed for maintenance because of fewer 
days on test, and the correlations between gain and efficiency were more 
strongly negative. 
First-period gains were not correlated with total feed efficiencies, 
but second-period gains had moderately negative correlations with total ef­
ficiencies (-0.22 and -0.37) in each breed. The correlations between gains 
in one 56-day period with efficiencies in the other 56-day period after ad­
justed for initial weight were not significant in this study. 
Average backfat probe adjusted for 154-day weight was not highly cor­
related with any of the performance traits. Backfat probes were correlated 
most strongly with second-period feed efficiencies (0.25 and 0.19) and 
total feed efficiencies (0.26 and 0.16) in the two breeds. This indicates 
that litters which probed fatter required more feed per pound of gain. 
Since fat contains about 2.25 times more energy per pound than lean it sug­
gests that more feed was required per pound of gain for fatter pigs than 
for leaner pigs. Selecting for leaner pigs could improve efficiency of 
lean meat production directly by reducing the fraction of waste fat on the 
carcass and indirectly by improving the efficiency of producing a pound of 
carcass. Probe had no relationship with first-period feed efficiency but 
this may have been because there was little fat deposited in this period. 
The phenotypic correlations between probe and gains were smaller than 
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between probe and efficiencies after each trait was corrected for differ­
ences in weight. Backfat probe and first-period and total gains were small 
but significantly and positively correlated; however, second-period gain 
showed little relationship with probe. The differences in these relation­
ships might be the reverse of what could be expected because most of the 
fat is deposited in the second period (McMeekan, 1940), although all corre­
lations between probe and gains were low. These correlations agree with 
Dickerson's (1947) results, who found correlations between backfat and gain 
to be 0-10 and between backfat and feed efficiency to be 0.12. 
Heritability estimates 
The heritability estimates of litter means for the seven traits and 
three weights at constant ages (Table 9) were similar for each breed except 
for weights at constant ages and first-period gains where the heritability 
estimates were 0.08 for the Durocs and 0.42 for the Hampshires. The reason 
for the higher heritability estimates in the Hampshires was probably genet­
ic because the two breeds were handled in similar pens in the same build­
ings . The sample of boars used could have influenced the heritability es­
timates if the Hampshire boars were genetically more variable them the sam­
ple of Duroc boars. 
The heritability estimates of second-period gains were about the same 
for both breeds (0.28 and 0.30), but were different for total gains, being 
0.20 and 0.44 for the Durocs and Hampshires, respectively. These estimates 
agree generally with the other heritability estimates published for gain. 
Hazel et al. (1943) found the heritable proportion of gain from 56 to 112 
days to 168 days to be 0.28 and 0.17, respectively. In 1944 Nordskog esti­
mated heritability of 0.45 for gain from 56 to 168 days. Blunn et al. 
(1953) reported heritability estimates of 0.51 and 0.35 for gains from 55 
to 112 days of age, and 0.35 and 0.34 for gains from 112 to 154 days on two 
sets of data. On German Landrace pigs Flock (1970) reported heritabilities 
for daily gain to be 0.45 from paternal half sib covariances and 0.28 from 
the parent-offspring regression in a German test station. The heritability 
estimates of gain in this study were almost reversed for each breed com­
pared to those Park (1965) obtained from analyzing the first three years of 
data collected for the present study. He found heritability estimates for 
total gain of 0.45 for Durocs and 0.24 for Hampshires. No explanation 
could be found for the reverse in heritabilities for the two breeds. 
Heritability estimates for feed efficiencies of litter averages were 
similar for breeds in each period, except that in the second period herit­
ability was somewhat higher for Durocs. Heritability estimates in both 
breeds were lower for first-period efficiency (0.22 and 0.16) than for 
second-period efficiency (0.31 and 0.21) and highest for total feed effi­
ciency (0.41 and 0.37). The standard deviations of feed efficiencies were 
smaller in the total period than in the first or second period which prob­
ably indicates there was less environmental error in feed efficiencies 
measured over the entire period. Therefore more genetic progress could be 
made in feed efficiency by measuring it over the entire 112-day period 
after weaning. Probably feed efficiency should be measured to market 
weight in practical swine improvement since there are larger differences in 
the feed required for maintenance at heavier weights. 
The heritability estimates for feed efficiencies over the total 112-
day period were in the range of what others have reported, but the esti-
mates in each 56-day period were slightly lower. Anderson (1954), Dicker-
son (1947), and Park (1962) in two sets of data found the portion of feed 
efficiency heritable in pigs to be 0.24, 0.57, 0.38, and 0.52, respective­
ly. Dickerson and Grimes (1947) reported feed efficiency to be 26 percent 
heritable. In 1970 Flock found heritability estimates of feed consumed on 
German Landrace pigs by paternal half-sibs covariances and parent-offspring 
regression to be 0.53 and 0.32, respectively. On the first three years of 
data collected on the animals used for this study Park (1965) reported her-
itabilities of 0.34 for the Durocs and 0.20 for the Hampshires over the 
total period, which were lower than the heritabilities at total feed effi­
ciencies found in this study from all eight years of data. 
Average litter backfat probe had heritability estimates of 0.36 and 
0.49 for Durocs and Hampshires. These estimates were similar but slightly 
lower than the heritability estimates others have reported. These esti­
mates may be lower because the pigs were probed at lighter weights than is 
generally done and the pigs may not have developed their full genetic dif­
ferences in fatness, and because the estimates were based on litter aver­
ages rather than individual observations. A few of the other researchers 
with their estimates of the heritability of backfat are Anderson (1954), 
0.37; Omtvedt (1968), 0.53; Cox (1964), 0.25; Dickerson (1947), 0.57; 
Jonsson (1959), 0.24 for mixed group feeding and 0.63 for individual feed­
ing; and Park (1962), 0.38 and 0.52 for estimates of litter means of Durocs 
and Hampshires. 
The estimates of heritability of litter average weights at 42, 98, and 
154 days were larger for Hampshires than for Durocs. A similar genetic 
difference between breeds showed up in the first-period gain. The herita-
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bility estimates of weight increased with age, with the estimates for 42-
day weight being only -0.03 and 0.05 for Durocs and Hampshires because of 
the large environmental and maternal influence. The heritabilities in­
creased to 0.08 and 0.32 for 98-day weight, and to 0.16 and 0.34 for 154-
day weight. The heritability of 154-day weight was lower than the esti­
mates for second-period gain because earlier environmental and maternal ef­
fects on growth were represented more in 154-day weights than in gain from 
98 to 154 days. These increases in heritabilities of weight as age in­
creases after weaning was probably because the additive genetic effects 
from sires on growth rate had a larger role in determining weight per day 
of age. Environmental effects were generally more uniform and caused less 
variation in growth rate after weaning. Others have generally found the 
heritability of weights to increase after weaning, but did not find the 
breed difference in heritabilities demonstrated in this study. Although, 
the estimates of heritabilities in this study were for litter means and the 
estimates reported by others were usually from observations on individual 
pigs. 
Some of the heritability estimates of individual weights reported in 
the literature are 0.03 and 0.19 for 56-day weight in purebred and cross-
breds, respectively, (Stcuiislaw et al., 1967); 0.15, 0.28, and 0.25 for 
56-, 112-, and 168-day weight, respectively, (Baker et al., 1943); 0.54 for 
154-day weight (Park, 1962); 0.60 for 130-day weight (Dillard et al., 
1962); 0.17 for 154-day weight (Anderson, 1954); 0.27 for 168-day weight 
(Nordskog et al., 1944); 0.34 for 180-day weight (Dickerson, 1947); 0.23 
for 180-day weight (Whatley and Nilson, 1942); and 0.09 for 42-day weight 
in Durocs and 0.14 for 42-day weight in Hampshires from the same source of 
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data as this study, although the analysis was performed on an individual 
pig basis (Seifert, 1970). 
Genetic correlations 
Table 10 shows the calculated genetic correlations between each of the 
seven traits within each breed. These genetic correlations were calculated 
on litter means but are unbiased estimates of the genetic correlations 
among individuals. 
First-period and second-period gains had genetic correlations of 0.20 
and 0.32 in the two breeds. These genetic correlations were reduced be­
cause of adjusting second-period gain for 98-day weight. Blunn et al. 
(1953) reported the genetic correlation between gains in two similar age 
periods to be 0.51 and 0.89 for two sets of data, and Hazel e^ al. (1943) 
calculated the genetic correlation between gains from 56 to 112 days and 
112 to 168 days of age to be 0.70. 
In the Duroc breed the genetic correlation between second-period gain 
and total gain (0.91) was higher than that between first-period and total 
gain (0.58). This implies that more improvement in total gain in the 
Durocs could be made by selecting on gain measured in the second 56-day 
period rather than the first 56-day period after weaning, especially since 
heritability of gain for Durocs is higher in the second period than the 
first period. However, in the Hampshire breed the genetic correlation be­
tween first-period gain and total gain (0.87) was higher than that between 
second-period gain with total gain (0.75). Since the heritability estimate 
of gain was also higher in the first period than the second period for 
Hampshires, if gain could only be measured in one 56-day period, more im­
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provement in total gain could be made by selecting for first-period gain. 
Selection for total gain would yield more improvement in total gain but 
selection on first-period gain would allow earlier selection of replacement 
animals so they could be put under different management. This earlier se­
lection would not decrease the generation interval because the animals 
would have to be grown out to maturity after the test period before they 
could be mated. 
The estimates of genetic correlations between feed efficiencies in 
different periods were high in both breeds, but higher for Hampshires. The 
calculated genetic correlations between feed efficiencies in the first and 
second period were 0.76 and 1.22 for the Durocs and Hampshires. A correla­
tion greater than one is caused by sampling error but implies that the real 
genetic correlation between the two traits is quite high. 
The genetic correlations were 0.90 and 0.99 between the first-period 
efficiency and total efficiency and 0.95 and 1.05 between second-period ef­
ficiency and total efficiency for the two breeds. These high genetic cor­
relations indicate that improving feed efficiency in either period would 
genetically improve it in the other period and over both periods. Since 
total efficiency was more highly heritable selection for this trait should 
make the maximum improvement in feed efficiency for any period. 
The estimates of genetic correlations between gains and feed effi­
ciencies were an important part of this analysis. In the first period the 
genetic relationships between gain and efficiency in the Durocs and Hamp­
shires were -0.19 and -0.63, respectively. The larger genetic correlation 
in the Hampshires may be because there was more additive genetic variation 
for gain in this breed, as indicated by the higher heritability estimate in 
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the first period. 
In the second period from 98 to 154 days of age the genetic correla­
tions between gain and efficiency were moderately high in both breeds, 
being -0.62 and -0.71. This infers that some of the same genetic factors 
that increase gain also decrease efficiency directly or indirectly and that 
selecting for and improving gain in the second period would also geneti­
cally increase feed efficiency in this period. 
Over the total period of 112 days the genetic correlations between 
gain and efficiency in these two breeds were -0.34 and -0.33. These corre­
lations were smaller than the correlations in each 56-day period, except in 
the first period in the Durocs. A reason for the lower genetic correla­
tions between gain and efficiency over the total period may be similar to 
that suggested for the lower phenotypic correlation, in that faster gaining 
pigs are generally more efficient in production but also weigh more in the 
latter part of the test and require more feed for maintenance. 
The present genetic correlations were smaller than others have re­
ported. Park (1962) obtained a genetic correlation between gain and feed 
efficiency of -0.64 in the Napier data, and in the Bilsland data, from the 
first year of data collected from the same source as in this study, the 
correlation was -0.55. In 1965 Park analyzed the first three years of the 
Bilsland data and reported genetic correlations between gain and feed effi­
ciency to be 0.47 and 0.72 for the Durocs and Hampshires, respectively. He 
obtained positive correlations because he calculated feed efficiency as 
gain divided by feed consumed, the inverse of efficiency used in this 
study. In 1947 Dickerson and Grimes obtained a genetic correlation of 
-0.78 between gain and efficiency measured to market weight. Koch et al. 
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(1963) calculated a genetic correlation of -0.79 between gain and feed ef­
ficiency in beef cattle. 
First-period gain had no genetic relationship with second-period effi­
ciency or with total feed efficiency. But second-period gains had larger 
negative genetic correlations with total feed efficiencies than total gains 
had with total feed efficiencies. This implies that more improvement in 
total efficiency could be made by selecting for second-period gain rather 
than total gain. However these relationships may not apply to pigs which 
are marketed at or tested to a constant weight because the pigs which gain 
faster would come off test sooner and require less feed for maintenance. 
Also selecting for second-period gain would sacrifice some selection pres­
sure on total gain. 
The genetic correlations between backfat probes and total gains were 
not large but were higher in the Duroc breed (0.20) than in the Hampshire 
breed (0.01). This means that in Duroc pigs with genes for more fatness 
also tend to have genes for faster gains. The genetic correlations were 
more positive between probe and first-period gains (0.56 and 0.22), when 
relatively little of the fat was deposited; than between probe and second-
period gains (-0.05 and -0.28), when more of the fat is deposited (Elson et 
al., 1963), Thus, selection for early growth alone would tend to increase 
fatness while selection for gain from 98 to 154 days would not change or 
would slightly reduce backfat. However, second-period and total gains were 
more highly correlated with 154-day weight than first-period gain, and 
since probe was corrected for 154-day weight this would reduce the correla­
tion of probe with second-period and total gains more than probe and first-
period gains. 
In 1967 Stanislaw obtained genetic correlations between average 
daily gain and probe of -0.07 and -0.39 in purebred and crossbred popula­
tions of swine. The genetic correlation found by Anderson (1954) between 
carcass backfat and daily gain was essentially zero (0.02). The genetic 
correlations with large standard errors. However, there does not seem to 
be a generally large genetic correlation, either positive or negative, be­
tween probe and gain. 
The genetic relationships between probe and feed efficiencies were 
positive and quite large for second and total period feed efficiencies. 
These genetic correlations were around 0.80, which implies that selection 
for average probe adjusted for weight would improve feed efficiency meas­
ured from a constant age to a constant age when the probes are taken. 
The results of correlated response compared to direct selection showed 
that in this study more effective improvement could be made in a few traits 
by selecting for a correlated trait, if the correlated trait was more her­
itable and highly correlated genetically. Table 11 presents the ratios of 
correlated responses of indirect selection to responses due to direct se­
lection. It was assumed the same intensity of selection was applied to 
each trait and any calculated genetic correlation greater than one was as­
sumed to be one. 
The only traits with correlated responses larger than direct responses 
in both breeds were first- and second-period efficiencies when selecting 
for total efficiency. This was because of the higher heritability of total 
gain and the high genetic correlations between efficiencies in the differ­
ent periods. First-period efficiency theoretically would have been im­
proved 23 and 51 percent and second-period efficiency ten and 32 percent 
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more by selection for total efficiency compared to direct selection in the 
Durocs and Hampshires. 
The correlated response in total gain was six percent higher in the 
Duroc breed only when selection was for second-period gain compared to di­
rect selection for total gain. More improvement in first-period feed effi­
ciency in the Hampshire breed could be made by selecting on gain in any pe­
riod, especially total gain which was 47 percent more effective than direct 
selection for inç)roving first-period efficiency. This correlated response 
for first-period efficiency was only present in the Hampshire breed where 
the heritability of first-period efficiency was low (0.16) and the genetic 
correlations between this trait and gains were high. Selection for second-
period efficiency in the Hampshires could theoretically improve first-
period efficiency 15 percent more than direct selection. The correlated 
response was figured using a genetic correlation of one even though the es­
timated genetic correlation was 1.22 between first- and second-period effi­
ciencies . 
Selection for total gains would have been about 90 percent as effec­
tive in improving gains in each 56-day period as direct selection, except 
for second-period gain in the Durocs. Selection for litter mean total 
gains would only have been 24 and 36 percent as effective as direct selec­
tion for total efficiency in improving litter mean of total feed effi­
ciencies in the two breeds. This correlated response in efficiency is ben­
eficial because records are easier to obtain on gain rather than feed effi­
ciency. This is particularly true of individual pig records. These re­
sponses were less than those reported by Dickerson and Grimes (1947) who 
calculated the correlated response of efficiency when selection was on gain 
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compared to selection for efficiency to be 0.51 when pigs were raised to 
market weight. The results of Koch et al. (1963) showed that selection for 
gain in beef cattle was 81 percent as effective in improving feed effi­
ciency as direct selection for efficiency. In this study the correlated 
responses in efficiencies in each 56-day period when selecting for gains in 
the same period were generally larger than the correlated response of total 
efficiency when selection was on total gain. 
Selection for total gains would have changed the adjusted backfat 
probes very little. Selection for lower efficiency would have decreased 
backfat probes, but would have been only 0.85 and 0.55 as effective as di­
rect selection for backfat probes. 
Smaller adjusted backfat probe selection would have tended to decrease 
first-period and total gains, increase second-period gains, and decrease 
efficiencies in this study. Selection for probe, which is usually easier 
to obtain, would have been 75 and 72 percent as effective in improving to­
tal feed efficiency as direct selection. Second-period efficiency in the 
Hampshires was theoretically 1.24 more responsive to selection for adjusted 
probe than direct selection. 
The correlated responses were generally favorable between litter means 
of gains and efficiencies and between efficiencies and adjusted probes. 
The calculated correlated responses are dependent upon parameter estimates 
of genetic correlations and heritabilities which generally have larger 
standard errors. The accuracy of the ratios of correlated responses com­
pared to responses of direct selection can be no better than the accuracy 
of the estimates of heritabilities and genetic correlations. 
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SUMMARY 
Data were collected on 1028 Duroc and 1098 Hampshire litters farrowed 
in the spring and fall seasons from 1960 to 1967. About 15 new sires in 
each breed were purchased from Midwest seedstock producers each season and 
were used one season only. Records of weights, gains, feed efficiencies, 
and backfat probes were recorded on the complete litters since each litter 
was kept in a separate pen throughout the test. Weights and feed consump­
tion measurements were recorded at 42, 98, and 154 days of age. The back-
fat probe was also taken at 154 days of age. Gains and feed efficiencies 
were measured in two 56-day post-weaning periods and over both periods from 
42 to 154 days of age. 
The effects of litter size, parity of the sow, and percent of males in 
the litter were generally not significant on post-weaning performance and 
each accounted for less than two percent of the total variation in each 
trait. Initial weight accounted for between seven and 24 percent of the 
variation in first, second, and total period gains and between one and 13 
percent of the total variation in feed efficiencies. Gains and efficien­
cies were corrected for initial weight of the test period. About 40 per­
cent of the total variation in probes was due to weight at 154 days when 
the probes were taken. The partial regression values on percent of males 
in the litter were often not significant but indicated that barrows gained 
faster, required more feed per pound of gain, and probed more fat. 
Years and seasons had highly significant effects on all seven traits 
of gains, efficiencies, and probes and accounted for between nine and 31 
percent of the total variation. This indicates the necessity of correcting 
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for year-seasons or analyzing within year-seasons. Sire effects were sig­
nificant for almost all traits and the sire components were used to esti­
mate heritabilities. 
The phenotypic correlations between litter means of gains and feed 
efficiencies were -0.38 and -0.44 in the first 56-day period after weaning, 
-0.43 and -0.52 in the second 56-day period after weaning, and -0.17 and 
-0.27 over both periods from 42 to 154 days in the Duroc and Hampshire 
breeds, respectively. These correlations were generally lower than what 
others have reported mainly because they were measured over a constant age 
period. The correlations between gain and efficiency traits between the 
first and second 56-day periods were biased downward because of adjusting 
traits in the second period to 98-day weight. Gains in each 56-day period 
generally accounted for one-half of the variation in total gain, with the 
simple correlations between 0.67 and 0.77. 
The phenotypic correlations of second-period feed efficiency with to­
tal efficiency (0.86) were higher than first-period efficiency with total 
efficiency (0.50). Backfat probe, after correcting for 154-day weight, was 
not highly correlated with gains or efficiencies; however, it was slightly 
positively correlated with total feed efficiency, 0.26 and 0.16 in the two 
breeds. 
The heritability estimates of these litter means were similar to what 
other researchers have reported for individual observations, and similar 
for each breed except for the first 56-day period gain after weaning. The 
heritability of first-period gains were 0.08 in the Durocs and 0.42 in the 
Hampshires. Second-period gains were equally heritable (about 0.29) in 
both breeds, but the total gain was more than twice as heritable for Hamp-
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shires (0.44) than for Durocs (0.21) because of the first-period differ­
ences . 
The heritabilities of feed efficiencies were slightly higher in the 
Durocs and were higher for total feed efficiency (about 0.40) than for feed 
efficiencies in each 56-day period. The estimates of backfat probe herit­
abilities were moderately high, being 0.35 and 0.49 for the Durocs and 
Hampshires, respectively. 
Forty-two day weights were slightly heritable (-0.03 and 0.05). The 
estimates increased some for 98-day weight (0.08 and 0.32) and 154-day 
weight (0.16 and 0.34) in the Durocs and Hampshires. 
The genetic correlations of litter means, which were unbiased esti­
mates of individual correlations, were similar to the phenotypic correla­
tions but generally larger. The genetic correlations between gain and ef­
ficiency were -0.19 and -0.63 in the first period, -0.62 and -0.71 in the 
second period, and -0.34 and -0.33 over both periods from 42 to 154 days in 
the Duroc and Hampshire breeds, respectively. This implies that selection 
for gain should moderately decrease feed requirements in a constant-age 
period. These genetic correlations between gain and efficiency would prob­
ably be larger, or more negative, if the measurements had been taken in a 
constant-weight interval. The genetic correlations between efficiencies in 
the different periods were large and positive, especially in the Hampshire 
breed, which means the same genes tend to control efficiency at the differ­
ent ages. 
Adjusted backfat probe had positive genetic correlations only with 
first-period gains, second-period efficiencies, and total period efficien­
cies. This implies that selection for 154-day backfat probes adjusted for 
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weight should improve feed efficiency slightly but decrease early post-
weaning growth. 
The maximum improvement in feed efficiency could be made by selecting 
for efficiency over a longer period. The ratios of correlated response to 
response by direct selection indicated that, in both breeds, more improve­
ment in each 56-day period efficiency could be made by selecting for total 
efficiency rather than for efficiency in each 56-day period. The results 
showed that almost all of the other traits could be improved the most by 
direct selection rather than by correlated responses. However, there were 
correlated responses different from zero calculated between most of the 
traits so selection for one trait will also change other correlated traits. 
Selection for total gain was 24 and 36 percent as effective as compared to 
direct selection in improving total feed efficiency from 42 to 154 days of 
age in the two breeds. 
The phenotypic and genotypic relationships between gain and feed effi­
ciency were not as high in this study as compared to those generally re­
ported by others. This was probably because the measurements were taken at 
constant ages, although these observations were on litter means and many 
other reports were on individuals. Therefore to improve efficiency as a 
correlated response to selection for gain more improvement could be made by 
selecting for gain to a constant weight, preferably market weight, rather 
than to a constant age. 
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